Cyclooxygenase-2 (COX-2) is a cellular enzyme in the eicosanoid synthetic pathway that mediates the synthesis of prostaglandins from arachidonic acid. The eicosanoids function as critical regulators of a number of cellular processes, including the acute and chronic inflammatory response, hemostasis, and the innate immune response. Human cytomegalovirus (HCMV), which does not encode a viral COX-2 isoform, has been shown to induce cellular COX-2 expression. Importantly, although the precise role of COX-2 in CMV replication is unknown, COX-2 induction was shown to be critical for normal HCMV replication. In an earlier study, we identified an open reading frame (Rh10) within the rhesus cytomegalovirus (RhCMV) genome that encoded a putative protein (designated vCOX-2) with high homology to cellular COX-2. In the current study, we show that vCOX-2 is expressed with early-gene kinetics during RhCMV infection, resulting in production of a 70-kDa protein. Consistent with the expression of a viral COX-2 isoform, cellular COX-2 expression was not induced during RhCMV infection. Finally, analysis of growth of recombinant RhCMV with vCOX-2 deleted identified vCOX-2 as a critical determinant for replication in endothelial cells.
Cytomegaloviruses (CMVs) are a family of ubiquitous betaherpesviruses that establish a lifelong infection within the host. Although generally benign in individuals with a normal immune system, CMV infection can be devastating in the immune-compromised host, such as AIDS patients and neonates (31) . Rhesus CMV (RhCMV) and human CMV (HCMV) are closely related viruses with comparable genomic organization and genome sequence (12, 28) . Both viruses encode approximately 200 open reading frames (ORFs), with 60% of ORFs sharing significant sequence homology. RhCMV and HCMV have also been shown to infect comparable cell types, and both viruses result in similar disease pathology, with the establishment of lifelong asymptomatic infections in healthy adults (19, 25, 31) .
HCMV has been shown to establish a long-term noncytopathic infection in endothelial cells (ECs) (9) , which together with the observation of infected ECs in asymptomatic HCMVinfected individuals, suggests that ECs may represent a site of CMV persistence in vivo (14, 30, 44, 46) . The presence of HCMV-infected ECs in the circulation of individuals during active CMV disease (37) , combined with the ability of ECs to mediate infection of monocytes (21, 52) , also suggests a role for ECs in virus dissemination. Consequently, an understanding of CMV replication in ECs is critical for elucidating mechanisms of CMV persistence and dissemination.
Recently, we identified a novel ORF in the RhCMV genome (Rh10) that is predicted to encode a homologue of cellular cyclooxygenase-2 (cCOX-2) (12) . In contrast to sequence analysis of RhCMV, analysis of all other CMVs for which the genomic sequence is known does not identify any ORF with homology to cCOX-2. cCOX-2 is a critical enzyme in the eicosanoid synthetic pathway, a pathway that results in the synthesis of the eicosanoids prostaglandin (PG), prostacyclin, and thromboxane A 2 from arachidonic acid (29, 45) . Specifically, cCOX-2 converts arachidonic acid to PGH 2 , through a PGG 2 intermediate. Various tissue-specific isomerases then convert PGH 2 to other PG isoforms: PGD 2 , PGE 2 , PGF 2 , and PGI 2 . The presence of a virally encoded COX-2 homologue is a unique characteristic of RhCMV. However, recent studies have shown that other CMVs, as well as other DNA and RNA viruses, upregulate the eicosanoid pathway during infection (13, 15, 22, 26, 27, 47, 48, 55) . HCMV infection induces cCOX-2 and phospholipase A2 (cPLA 2 ), another enzyme involved in this pathway, while downregulating lipocortin, a negative inhibitor of cPLA 2 activation (55). Inhibitors of cCOX-2 prevent normal HCMV replication in vitro (47, 50, 55) , demonstrating the importance of the eicosanoid pathway for CMV replication. This effect of COX-2 inhibition on HCMV replication is rescued by treatment with PGE 2 , indicating a critical role of PGs in HCMV replication.
In the current study, we examined the role of the Rh10 ORF in RhCMV replication. We show that a viral COX-2 homologue (designated vCOX-2) is expressed from the Rh10 ORF during RhCMV infection. Drug inhibition studies showed that the vCOX-2 gene was expressed with early (E) gene kinetics; and, in contrast to HCMV, RhCMV did not induce cCOX-2 expression. Interestingly, comparison of growth of a RhCMV recombinant with vCOX-2 deleted in different cell types iden-tified vCOX-2 as a critical determinant for CMV replication in ECs.
MATERIALS AND METHODS

Cells and virus.
Wild-type (WT) RhCMV (strain 68-1) and RhCMV recombinants were propagated and titers were determined on telomerase life-extended fetal rhesus macaque fibroblasts (Telo-RFs) as previously described (6) . Rhesus macaque microvascular ECs were isolated from the brain of pathogen-free juvenile macaques. More than 95% of ECs examined at various passages stained positive for von Willebrand factor, and cells were used at low passage (eight or less). ECs were cultured in endothelial cell basal medium (Clonetics, San Diego, Calif.) supplemented with 10% human serum, 35 g of endothelial cell growth serum (BD Biosciences, Bedford, Mass.) per ml, penicillin/streptomycin, and glutamine.
Cloning of vCOX-2. Total cellular RNA from RhCMV-infected Telo-RFs was primed with oligo(dT) and used to generate cDNA, using Superscript II reverse transcriptase (Invitrogen, Carlsbad, Calif.). vCOX-2 was amplified from cDNA by PCR using vCOX-2-specific primers vCOX-2 for (5Ј-GGCTATGAGTAA AAACATCATCGTACTG-3Ј) and vCOX-2.rev (5Ј-TGCTCTAGATCATAA CTCAGCATGCTCTCTT-3Ј). The vCOX-2 PCR product was cloned into the pGEM-T Easy vector (Promega, Madison, Wis.) and confirmed by DNA sequence analysis.
Generation of RhCMV recombinants. Recombinant viruses were constructed by E/T recombination (1) using a bacterial artificial chromosome (BAC) containing the entire RhCMV 68-1 genome (pRhCMV/BAC-Cre) (5). For construction of RhCMV containing a deletion of the vCOX-2 gene (RhCMV⌬vCOX-2), a vector (pBSKSIIϩ⌬NaeI/SspI/MCS) derived from pBSKSIIϩ (Stratagene, La Jolla, Calif.) was used as a template for generation of the necessary PCR product for E/T recombination. PCR was performed using primers ⌬COX-2AmpLacZ for (5Ј-AAATCATGCCGGTACGTATTAAAGACACTACATTCTGGCTGC TGGCACGACAGGTTTCCCGACT-3Ј) and ⌬COX-2AmpLacZ.rev (5Ј-ACCA ACAAAAAAGACACACGGGAGTTCGATTGTTTTGTGAGAGTTGGTA GCTCTTGATCCGGCA-3Ј), resulting in amplification of the ampicillin resistance (Amp r ) marker and lacZ gene of pBSKSIIϩ⌬NaeI/SspI/MCS. The 5Ј end of primers contained 40 nucleotides with homology to RhCMV sequence flanking the site of vCOX-2 gene deletion. E/T recombination was performed essentially as described previously (1) by transformation of recombinogenic bacteria (EL250) containing pRhCMV/BAC-Cre with the PCR product. Blue colonies were selected with ampicillin (50 g/ml), chloramphenicol (15 g/ml), 5-bromo-3-indolyl-␤-D-galactopyranoside (80 g/ml), and isopropyl-␤-D-thiogalactopyranoside (20 mM). Restriction enzyme digestion combined with Southern analysis using 32 P-labeled DNA probes against the vCOX-2 gene or the Amp r -lacZ cassette and DNA sequence analysis confirmed deletion of vCOX-2 from the pRhCMV⌬vCOX-2/BAC-Cre genome. To reconstitute RhCMV⌬vCOX-2 virus, Telo-RFs were transfected with pRhCMV⌬vCOX-2/BAC-Cre DNA, virus plaques were expanded, and stocks were prepared as described above.
An RhCMV⌬vCOX-2 revertant (RhCMV⌬vCOX-2Revt) was constructed by using a two-step procedure. First, an Flp recombinase target (FRT)-flanked kanamycin-resistance (Kan r ) marker was inserted immediately downstream from the vCOX-2 ORF in pRhCMV/BAC-Cre by E/T recombination. Plasmid pcp015 (7) was used as a template for generation of the necessary PCR product, using primers COX-2Kan for (5Ј-TCCCGGGGTTGTAATAAAAAGAGAGC ATGCTGAGTTATGAGTAAAACGACGGCCAGT-3Ј) and COX-2Kan.rev (5Ј-ACCAACAAAAAAGACACACGGGAGTTCGATTGTTTTGTGACAG GAAACAGCTATGAC-3Ј). The resultant pRhCMVCOX-2Kan r /BAC-Cre was selected with chloramphenicol and kanamycin (25 g/ml). In the second step, pRhCMVCOX-2Kan r /BAC-Cre DNA was used as a template to generate a PCR product that contained the entire vCOX-2 gene, extending from the 5Ј noncoding region to the 3Ј noncoding region and included the FRT-flanked Kan r positioned immediately after the vCOX-2 gene. Primers used for PCR were COX-2Revt for (5Ј-GCGTGTAGTGTTTGTTCGGT-3Ј) and COX-2Revt.rev (5Ј-GGGATCTA GCATACGCGTTACGCACCAAT-3Ј). The PCR product was used to replace the deleted region of vCOX-2 in pRhCMV⌬vCOX-2/BAC-Cre followed by selection with chloramphenicol and kanamycin. The FRT-flanked Kan r marker was then removed by arabinose induction of Flp recombinase (24) and screening for kanamycin sensitivity. BAC recombinants were characterized, including DNA sequence analysis of the entire vCOX-2 gene, and virus stocks were prepared as described above. RhCMV⌬vCOX-2Revt contains the entire vCOX-2 gene and is WT in sequence except for a single FRT site positioned in the 3Ј noncoding region of the vCOX-2 gene.
A recombinant RhCMV containing a hemagglutinin A (HA) epitope fused to the carboxyl terminus of vCOX-2 was constructed essentially as described above. Plasmid pcp015 served as a template for amplification of the necessary PCR product, using primers COX-2HA for (5Ј-TCGATCCCGGGGTTGTAATAAA AAGAGAGCATGCTGAGTTATACCCATACGATGTTCCAGATTACGCT TGAGTAAAACGACGGCCAGT-3Ј) and COX-2Kan.rev. The PCR product contains the FRT-flanked Kan r marker immediately downstream of the site of the HA tag insertion. E/T recombination was performed in EL250 bacteria containing pRhCMV/BAC-Cre, and recombinants were selected with chloramphenicol and kanamycin followed by Flp-mediated removal of the FRT-flanked Kan r . Following BAC characterization, virus was reconstituted by electroporation of Telo-RFs with RhCMVvCOX-2HA/BAC DNA as described above.
Northern analysis. Telo-RFs were infected with either WT RhCMV or RhCMV⌬vCOX-2 at a multiplicity of infection (MOI) of 3. At 2 h postinfection (p.i.), virus inocula were removed and replaced with fresh medium. Cells were then cultured for the times indicated. Foscarnet (200 g/ml) (Sigma, St. Louis, Mo.) was added to the designated cultures to inhibit viral DNA synthesis. Total cellular RNA was harvested by using Trizol (Invitrogen, Carlsbad, Calif.). RNA (10 g) was then separated by electrophoresis on a 1% agarose-formaldehyde gel, followed by transfer to GeneScreen Plus nylon membranes (NEN, Boston, Mass.) and UV cross-linking using a Stratagene Stratalinker. Hybridization with [ 32 P]DNA probes was performed using ExpressHyb (Clontech, Palo Alto, Calif.) and visualized by autoradiography. [ 32 P]DNA probes directed against vCOX-2 (exon 1) and GAPDH were labeled with the Random Primed Nucleotide kit (Roche, Mannheim, Germany).
Western analysis. Telo-RFs were infected at an MOI of 10 with either RhCMVWT or RhCMVvCOX-2HA and cultured for the times indicated. Cell lysates were harvested in sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) sample buffer, and proteins were separated by SDS-7% PAGE. Following electrophoretic transfer to polyvinylidene difluoride membranes (Millipore, Bedford, Mass.) and blocking, HA-tagged vCOX-2 was identified by using a rabbit anti-HA antibody (Becton Dickinson, Clontech, Palo Alto, Calif.) (used at a 1:400 dilution) and goat anti-rabbit horseradish-peroxidase-conjugated secondary antibody (Amersham, Piscataway, N.J.) (used at a 1:20,000 dilution). Horseradish peroxidase activity was visualized by using the West Pico chemiluminescence substrate (Pierce, Rockford, Ill.).
RhCMV growth analysis. Telo-RFs or ECs were infected with RhCMVWT or RhCMV recombinants at an MOI of 0.01. Inocula were removed after 2 h, and cells were washed three times with Dulbecco's phosphate-buffered saline prior to addition of fresh medium. At indicated times p.i., cells and supernatants were harvested and titers were determined by plaque assay as previously described (16) . Experiments were performed three times, and titers were determined in duplicate.
Quantitative RT-PCR analysis of cCOX-2. Telo-RFs were infected with RhCMVWT or RhCMV recombinants at an MOI of 3. At times indicated p.i., total cellular RNA was harvested and used to prepare cDNA, using Omniscript RT (QIAGEN, Valencia, Calif.) according to the manufacturer's procedure. Quantitative real-time PCR (RT-PCR) was performed using SYBR green and primers specific for rhesus macaque cellular COX-2: Forward primer (5Ј-TCCACCCG CAGTACAAAAAGT-3Ј) and Reverse primer (5Ј-GCTTCAGCATAAAGCG TTTGC-3Ј). RT-PCR was performed with an ABI Prism 7700 machine (Applied Biosystems, Foster City, Calif.) and the following conditions: 50°C for 2 min and 95°C for 10 min, followed by 40 cycles at 95°C for 15 s and 60°C for 1 min. ␤-Actin was used as an internal control, and cycle threshold values were determined by automated threshold analysis with ABI Prism version 1.0 software.
RESULTS
The RhCMV vCOX-2 gene produces a multiply spliced transcript that encodes a predicted protein (vCOX-2) with high homology to human cCOX-2. The recent DNA sequence analysis of the complete RhCMV genome reveals a high level of sequence conservation between the RhCMV and HCMV genomes. However, regions of significant sequence divergence between the two viruses also exist (12) . The Rh10 ORF is unique to RhCMV and is predicted to give rise to a multiply spliced transcript that encodes a protein with high homology to human cCOX-2. To confirm expression of Rh10 (designated vCOX-2), as well as to determine the splicing pattern of the vCOX-2 transcript, cDNA was synthesized from total cellular RNA derived from RhCMV-infected Telo-RFs at 48 h p.i. The vCOX-2 gene was then amplified from the cDNA by using The complete rhesus macaque cCOX-2 sequence is not known. However, comparison of the predicted vCOX-2 protein (585 amino acids) with human cCOX-2 (604 amino acids) shows a high level of amino acid sequence conservation (67%) throughout the coding region (Fig. 1B) . Importantly, 13 residues identified by site-directed mutagenesis or crystal structure as critical for cCOX-2 enzymatic activity are conserved between vCOX-2 and human cCOX-2 (18, 20, 32, 36, 38, 41, 51) . Two significant regions of divergence between the two proteins are the absence of a hydrophobic N-terminal signal peptide in vCOX-2 and the presence of a 14-amino-acid serine/prolinerich insertion near the C terminus of vCOX-2. Together, these results indicate that the vCOX-2 gene is expressed during RhCMV infection as a multiply spliced transcript that is predicted to encode a vCOX-2 protein with high homology to human cCOX-2. Conservation of residues known to be critical for human cCOX-2 function indicate that vCOX-2 is likely to be an enzymatically active COX-2 isoform.
RhCMV vCOX-2 is expressed with E gene kinetics during RhCMV infection of Telo-RFs. Northern analysis of total cellular RNA from RhCMV-infected Telo-RFs was performed to determine the kinetics of vCOX-2 gene expression during RhCMV infection. RNA from RhCMV-infected Telo-RFs was harvested at 4, 8, 12, 24, and 48 h p.i. Foscarnet was added as indicated to inhibit viral DNA synthesis. Following RNA electrophoresis and transfer, Northern analysis was performed using a probe specific for the predicted exon 1 of vCOX-2. As shown in Fig. 2 , a transcript (2.4 kb) was observed as early as 24 h p.i. which corresponds to the predicted size of the vCOX-2 gene with an additional 400 bp of 5Ј and 3Ј untranslated regions. Expression of the 2.4-kb transcript was still observed in the presence of the viral DNA polymerase inhibitor Foscarnet. The absence of any signal when probes directed against ORFs adjacent (rh9, rh12, and rh13) or overlapping (rh11) the vCOX-2 gene were used indicate that the vCOX-2-containing transcript is the major transcript expressed from this region of the RhCMV genome during RhCMV infection of Telo-RFs. Together, these results show that the vCOX-2 gene is expressed during RhCMV infection of Telo-RFs and is expressed with E gene kinetics.
The endogenous RhCMV vCOX-2 gene encodes a 70-kDa vCOX-2 protein that is produced during RhCMV infection of Telo-RFs. To confirm that the vCOX-2 protein was expressed during RhCMV infection, an HA tag was fused in frame with the predicted C terminus of the endogenous RhCMV vCOX-2 gene, using E/T linear recombination as described previously (3), resulting in the RhCMV recombinant RhCMVvCOX-2HA (Fig. 3A) . Given the high level of homology between cellular and vCOX-2 proteins, the HA tag was critical to enable discrimination of the viral from the cellular form of the protein in RhCMV-infected cells. Western analysis of cellular lysates from Telo-RFs infected with RhCMVvCOX-2HA identified an HA-reactive doublet migrating at approximately 70 kDa that was not observed in lysates from RhCMVWT cells (Fig. 3B) . The identification of the HA-tagged protein also confirms that the vCOX-2 protein terminates at the predicted stop codon (UGA) positioned at nt 8521 to 8523 within the RhCMV genome. Appearance of the vCOX-2HA protein within infected lysates was consistent with E gene kinetics observed by Northern analysis (Fig. 2) . The vCOX-2HA protein was detected in lysates as early as 24 h p.i. and was expressed through 48 h p.i., even in the presence of an inhibitor of viral DNA polymerase. These studies show that the RhCMV vCOX-2 gene encodes a protein which is expressed with E gene kinetics during in vitro infection of Telo-RFs.
RhCMV does not induce rhesus cCOX-2 expression during infection of Telo-RFs. In a previous study, HCMV-mediated induction of cCOX-2 expression was shown to be critical for normal HCMV replication in fibroblasts (55) . We hypothesized that the expression of a virally encoded COX-2 would circumvent the requirement of RhCMV to induce the rhesus cCOX-2 molecule during infection. To determine the effect of RhCMVWT and RhCMV⌬vCOX-2 on cCOX-2 expression, Telo-RFs were infected with the viruses at an MOI of 3 and the level of cCOX-2 expression was measured by quantitative RT-PCR at various times p.i. As shown in Fig. 4 , although a transient increase in cCOX-2 expression was observed at early times p.i. (4 and 8 h) , infection with either RhCMVWT or RhCMV⌬vCOX-2 did not result in a significant induction of cCOX-2 expression at later times during the replication cycle.
RhCMV vCOX-2 is a tropism determinant for RhCMV replication in rhesus ECs. The ability of CMV to replicate in a diverse number of specific cell types is believed to be critical for persistence and dissemination of the virus within the host (for a review, see reference 17). Consequently, a large component of the CMV genome is thought to encode genes required for replication in these different cell types. To investigate the role of vCOX-2 in cellular tropism, the growth of an RhCMV recombinant containing a deletion of the vCOX-2 gene (RhCMV⌬COX-2) was analyzed in Telo-RFs and ECs. RhCMV⌬COX-2 was constructed by replacement of the entire vCOX-2 ORF with a lacZ-Amp r cassette (Fig. 5A) , resulting in complete ablation of the vCOX-2 coding region, as shown by Northern analysis (Fig. 5B) . Analysis was performed of viral growth in Telo-RFs and ECs. As shown in Fig. 6A , RhCMV⌬vCOX-2 grew at comparable levels (peak titer, approximately 1 ϫ 10 6 PFU/ml) and with similar kinetics to those of RhCMVWT in Telo-RFs. However, comparison of virus replication in ECs showed that RhCMV⌬vCOX-2 growth was dramatically impaired in this cell type compared to either RhCMVWT or a revertant of RhCMV⌬vCOX-2 containing a repaired vCOX-2 gene (RhCMV⌬vCOX-2Revt) (Fig. 6B) . At the peak of their growth curves, RhCMV⌬vCOX-2 grew to titers that were 4 log units lower than those of either RhCMVWT or RhCMV⌬vCOX-2Revt. Growth of RhCMVWT and RhCMV⌬vCOX-2Revt in either Telo-RF or ECs was comparable, both in level (peak titer, approximately 1 ϫ 10 6 PFU/ml) and kinetics. The ability of RhCMV⌬vCOX-2Revt to rescue the EC growth defect of RhCMV⌬vCOX-2 definitively establishes that the EC growth defect is due to a lack of the 
DISCUSSION
In the current study, we have shown that the recently identified RhCMV Rh10 ORF (12) encodes a cCOX-2 homologue that functions as a critical determinant of EC tropism. The product of Rh10 (designated viral COX-2; vCOX-2) has 67% amino acid identity with human cCOX-2, and conservation of critical residues required for cCOX-2 activity suggests that vCOX-2 is enzymatically active. Northern analysis showed that vCOX-2 is expressed in infected rhesus fibroblasts with E gene kinetics. Previously, HCMV infection was shown to induce high levels of cCOX-2 throughout the course of infection (55) . Although rhesus macaque cCOX-2 expression was increased immediately following RhCMV infection, cCOX-2 expression was decreased at later times. Finally, deletion of the vCOX-2 gene from the RhCMV genome resulted in a dramatic 4-logunit reduction in the ability of RhCMV to replicate in ECs compared to fibroblasts, identifying vCOX-2 as a novel determinant of EC tropism.
ECs are an important cell type in CMV pathogenesis and have been implicated as sites for virus persistence and dissemination. In murine CMV, M45, a ribonucleotide reductase homologue, was recently shown to be required for replication in ECs by mediating inhibition of apoptosis (2) . However, the identification of viral determinants of EC tropism in the primate CMVs (HCMV, RhCMV, and chimpanzee CMV) has been elusive. Earlier studies using HCMV showed a marked difference in the abilities of different virus strains to grow in ECs, and a possible block in growth of several non-EC tropic strains was identified at the level of nuclear translocation of the viral genome (42, 43) . However, variation in the ability of even the same strain of virus to replicate to a comparable level in ECs, as well as an inability to map the genetic determinants by mutagenesis, prevented identification of tropic determinants. More recently, deletion of the M45 homologue (UL45) from a stable BAC-cloned endothelial tropic strain showed that UL45 was not involved in EC tropism (11) . In our study, deletional analysis of the RhCMV genome, using BAC-based technology, has enabled definitive identification of RhCMV ORF Rh10 (vCOX-2) as a critical determinant of EC tropism. This observation represents identification of the first tropic determinant of a primate CMV.
The presence of a cCOX-2 homologue within the viral genome appears to be unique to RhCMV. However, COX-2 has been shown to be critical for the replication of many DNA and RNA viruses (22, 34, 35, 53, 55) . For HCMV, infection of fibroblasts was shown to upregulate cCOX-2 expression and cCOX-2 activity was shown to be essential for normal virus replication (55) . In our studies, the existence of a virally encoded COX-2 homologue further emphasizes the importance of COX-2 for the CMV life cycle. However, in contrast to HCMV, RhCMV has apparently adopted a strategy of expressing a virally encoded form of the enzyme, and we show that RhCMV infection induces only a transient induction of cCOX-2 expression, contrary to the prolonged induction observed with HCMV (wherein, cCOX-2 was still upregulated sevenfold at 24 h following HCMV infection of fibroblasts [54] ). The mechanism of cCOX-2 involvement in HCMV replication is not clear, although cCOX-2 inhibitors were shown to decrease expression of IE2 (an HCMV immediate-early transcriptional regulator), and PGE 2 treatment completely reversed the inhibitory effects of the COX-2-specific inhibitors on HCMV growth (55) . The mechanism by which vCOX-2 enables replication in ECs has not been determined. However, the conservation of residues critical for enzymatic activity between the cellular and viral COX-2 suggests that the vCOX-2 may be enzymatically active, indicating a potential importance of PGs in mediating EC tropism.
CMV has been implicated in long-term chronic diseases, including atherosclerosis, chronic rejection, and colorectal cancer (13, 49) . It is possible that the effect of CMV on the PG biosynthetic pathway may, at least in part, be involved in these processes. PGs are generally proinflammatory molecules that affect vascular permeability, which allows infiltration of proinflammatory cells and effector molecules. Many studies show a positive correlation between cCOX-2 activity and angiogenesis (10) , and this effect of cCOX-2 has specifically been shown in ECs (23) . The proangiogenic properties of cCOX-2 are also believed to lead to the involvement of this molecule in tumorigenesis (8, 39, 40) and atherosclerosis (4, 33) . Consequently, the eicosanoid pathway may be a potential target for pharmaceutical intervention to prevent these CMV-meditated pathogenic processes.
In summary, we have identified a cCOX-2 homologue as a novel determinant of EC tropism, which represents the first EC tropic determinant in a primate CMV. RhCMV is the virus most closely related to HCMV with a working animal model. Consequently, the identification of RhCMV vCOX-2 as a critical determinant of cellular tropism provides an excellent opportunity to study the role of tropism in pathogenesis in a CMV model closely related to HCMV.
